The interest about zinc oxide is increasing thanks to its unique chemical and physical properties. Our attention has focused on preparation powder of 1D nanostructures of ZnO nanowires with precisely defined morphology include characterization size (length and diameter) and shape controlled in the scanning electron microscopy (SEM). We have compared results of SEM with dynamic light scattering (DLS) technique. We have found out that SEM method gives more accurate results. We have proposed transformation process from ZnO nanowires on substrates to ZnO nanowires powder by ultrasound peeling to colloid followed by lyophilization. This method of the mass production of the ZnO nanowires powder has some advantages: simplicity, cost effective, large-scale and environment friendly.
Introduction
Zinc oxide is important function material for its special physical and chemical properties, such as high chemical resistance, high mechanical and thermal stability. ZnO as a semiconductor in group II-VI, whose binding capacity is on boundary between covalent and ionic semiconductors. A high refractive index, broad energy band (3.37 eV [1] ), large exciton binding energy (60 meV [2] ) and the high thermal conductivity are attractive properties with potential for application in optoelectronics [3] , electronic devices such as energy generators [4] , (gas) sensors [5] , converter and laser technology [6] . Another positive aspect of this material is the variety of structures. Examples of one-dimensional (1D) structures are nano-rods [7] , -wires [8] , -tubes [9] , -needles [10] , -ribbons [11] , -belts. Two-dimensional (2D) structures of zinc oxide can be nano-pellets, -sheet, -plate [12] . Examples of 3D structures of zinc oxide include flower, snowflakes, etc [13, 14] . Our attention was focused on preparation powder of one-dimensional zinc oxide nanowires. Several methods have been reported for the synthesis ZnO nanowires, eg thermal evaporation [15] , pulsed laser deposition (PLD) [16] , chemical vapour deposition (CVD) [17] , metal organic CVD [18] , electrochemical deposition [19] and template method [20] . However, these techniques require extremely growth conditions (high pressure, temperature and dangerous chemicals) and expensive instruments. But we have used low cost growth technique under mild conditions -the hydrothermal growth method [21] . This method has some advantages. The procedure is environmentally friendly because requires temperature and pressure closely to the living conditions on Earth. The costs for precursors, instrumentation and energy are lower. The essential condition for this method present of seeding layer to achieve growth aligned nanowires with precise morphology. The salt of zinc nitrate hexahydrate is source Zn 2+ ions required for building up ZnO nanowires. The molecules of water provide O2-ions. The molecules of water provide O 2− ions. The hexamethylenetetramine (HMTA) as weak base which hydrolyze in the aqueous environment and produce OH − ions. The rate of this reaction is important in the synthesis process. The high pH, which would have little contribution to the ZnO nanowire oriented growth, and eventually results in fast consumption of the nutrient and prohibits further growth of ZnO nanowires. The growth process of ZnO nanowires can be controlled by concentration of precursor, growth temperature and growth time. In general, the growth time and temperature control the morphology of zinc oxide nanowires and the concentration determines the density of nanowires.
Experimental procedures
The nucleation layer was prepared by magnetron sputtering of the Al-doped ZnO target doped on soda-lima glass substrates (25.4 mm × 76.2 mm, after cleaning process by sonication subsequently in acetone, isopropanol and deionized water for 5 min and dried by nitrogen flow). The deposition chamber was evacuated prior the growth by turbomolecular pump down to the residual pressure 1 mPa. The sputtering was performed by argon (purity 99.999%) at the pressure 1 Pa and the flow rate 2.0 sccm. DC sputtering was performed with the voltage 500V and direct current of 0.14 A for 10 min. The ZnO nanowires were prepared by hydrothermal method. The growth solution was prepared from equimolar (2.5 mmol) aqueous solutions of zinc nitrate hexahydrate and hexamethylenetetramine. The mix was blended at room temperature for 30 min at 350 rpm. The growth chamber was filled fresh prepared mixture. The patterned ZnO:Al substrates were immersed in the growth solution and then solution was heated at 90
nm
• C for 3 h. After this time growth of ZnO nanowires was finished. Finally, the residuals from the surface nanowires were rinsed deionized water and dried by nitrogen flow [22] .
The substrates with grown ZnO nanowires were used to preparing the aqueous colloid by sonication. Ultrasonic treatment was realized by commercial bath sonicator (Elmasonic P -ultrasonic power effective 120 W) at frequency 37 kHz for 30 min. The powder of zinc oxide nanowires with defined morphology was produced lyophilization of colloid.
The morphology of zinc oxide nanowires on substrates and after ultrasound peeling was monitored using scanning electron microscopy (SEM) (MAIA3, TESCAN) at voltage 5 10 keV with InLens detector. The spin coating technique (at 2 000 rpm for 1 min) and gold mirrors as pads were used for preparation of SEM samples (gold mirrors were treated by oxygen plasma (100 W/min) to increase the hydrophilicity of surface for better sticky to nanowires). Dynamic light scattering (DLS) was used for the evaluation of the particle size distribution of colloids. DLS measurements were performed with a Zetasizer Nano ZS (Malvern Instruments Ltd., GB) with detector in position 173
• C on Backscatter detection. Each sample of suspension ZnO nanostructures was sonicated for 5 minutes before measurements. Size measurements were performed at 25
• CC and using clear disposable folded capillary cell (DTS1070).
Experimental results and discussion
The ZnO nanowires were synthesized through hydrothermal growth method. It was necessary to use a seeding layer in order to achieve the high quality arrays of single crystalline ZnO nanowires oriented perpendicularly to the substrate. This layer was created by magnetron sputtering with aluminum-doped zinc oxide (ZnO:Al) target. The quality seeding layer was controlled by measure electrical resistivity. The thickness of nucleation layer was monitored and measured by SEM cross-sectional view. And the values thicknesses of individual layers were determinate about 200 nm, see Fig. 2 . The preparation of nanostructres was carried out using thermal decomposition zinc nitrate hexahydrate in presence hexamethylenetetramine (HMTA) in aqueous environment. The reaction mixture contained in equimolar (2.5 mmol) ratio both components. The growth synthesis took 3 hours at 90
• C. The morphology (length and diameter) of the nanostructures was characterized using scanning electron microscopy (SEM). Figure 1 demonstrates a typical hexagonal structure of grown nanowires, the average diameter of ZnO is about 100 nm. Figure 2 represent SEM cross-sectional view, where the average length of nanostructurs is identified about 600 nm.
The powder of ZnO nanowires was obtained by ultrasound peeling process. At first grown aligned nanostructures were transformed from substrates to colloid in water. Figure 3 illustrate SEM image of sonication process at ultrasonic power 120 W, frequency 37 kHz for 10 min. Finally, obtained colloid was lyophilized. Figure 5 shows ZnO nanostructures in absentia of seeding layer. Figure 6 represents detail form nanostructures and it indicates that a single flower is composed of hexagonal rod-like crystals. Ensues from it that presence the nucleation layer is necessary for production of the nanowires with precisely defined morphology.
Conclusions
In the present work, we proposed method for mass production powder of zinc oxide nanowires with precisely defined morphology and uniform size distribution. This process is based on thermal growth from zinc nitrate hexahydrate and weak base hexamethylenetetramine (HMTA) in aqueous solution. We demonstrated unavoidable presence the seeding layer during growth process for synthesis arrayed nanowires. The synthesis without the nucleation layer leads to production of flower like ZnO nanorods. The quality of morphology of produced ZnO nanowires was investigated by scanning electron microscopy (SEM). SEM technique was used for monitoring peeling process by ultrasound, too. During this process step we obtained colloid of ZnO nanowires in water, which was subsequently lyophilized to powder.
The proposed approach is simple, cost effective, energy efficient (process at low temperature and atmospheric pressure) and environmentally friendly for synthesis interesting versatile functional material zinc oxide nanowires.
